Although colony variation in Candida albicans was described as early as 1935 (7), there has been renewed interest in the phenomenon since Slutsky, Buffo, and Soll (9) described high-frequency phenotypic switching in strains of C. albicans. Since his first paper, Soll and colleagues as well as other workers have described a variety of switching systems in strains of C. albicans isolated from a variety of clinical sources in different geographical areas (10) . Ever since this recent paper, there has been speculation that this phenotypic switching activity may be related to virulence (10, 12) . Studies of switching in cases of vaginal candidiasis have supported the role of switching in virulence (11) . Despite this interest, there have not yet been any investigations into whether strains from invasive fungal disease do indeed exhibit increased rates of phenotypic switching. This paper reports such a study.
Twenty strains of C. albicans were isolated from vaginal swabs submitted to Chester Public Health Laboratory for the investigation of vaginitis, and an additional 20 strains were isolated from fecal samples submitted for the identification of bacterial pathogens. The 19 invasive strains had been submitted to the Mycology Reference Laboratory, Central Public Health Laboratory, London, United Kingdom, for antifungal sensitivity testing or to the Division of Hospital Infection for typing. Each invasive strain had been isolated from blood culture or a deep tissue specimen by a third laboratory. They were subsequently transferred to Chester on Sabouraud agar slopes.
The identity of each strain was confirmed by the production of germ tubes in horse serum and by the production of chlamydospores on cornmeal agar.
The method used was that described by Odds and MersonDavies (8 Table 1 indicates the number of strains showing phenotypic switching behavior in each of the three groups. It can be seen that strains from the invasive group were more than twice as likely as the superficial isolates to show switching (P = 0.004, Fisher's exact test). In those strains that showed phenotypic switching, the rate at which invasive strains switched was also much higher than that of superficial strains (P = 0.0004, two-tailed Mann-Whitney U test corrected for ties). The five fecal isolates that switched had switching rates (per 1,000 colonies) of 3.5, 1.1, 1.1, 4.4, and 6.5. The six vaginal isolates that switched had rates of 4.6, 1.3, 1.1, 3.2, 3.2, and 2.1. The 13 invasive isolates that switched had rates of 25.5, 10.5, 10.5, 6.0, 17.6, 4.5, 44.1, 40.0, 7.4, 1.4, 374.1, 339.8, and 319.4.
As has already been mentioned, there has been considerable interest in whether phenotypic switching in C. albicans is important in the virulence of the organism. The difference in phenotypic switching activity between invasive and superficial strains in this study was dramatic. Indeed, the switching rates observed for some of the invasive strains are among the highest rates described in the literature. Although not conclusive, this association of phenotypic switching with virulence is a strong indicator that this phenomenon is indeed an important virulence factor in invasive candidiasis.
However, the invasive strains included in this study were not isolated in the same laboratory as the superficial strains and would have been subcultured more often before analysis. It is possible, therefore, that the difference in switching rates is an artifact of the handling after isolation. However, despite a considerable number of investigations into the phenomenon of phenotypic switching, no one has noted any effect of the number of subcultures on the switching rate (10) .
If phenotypic switching is indeed associated with strains J. CLIN. MICROBIOL. (4) . They made the suggestion that discontinuous fringe formation was a marker for increased phenotypic switching. The suggestion was made that phenotypic switching enabled the strain to assume the optimal phenotype for different stages of a multistage process of invasion. We still see this as the most likely explanation for the role of phenotypic switching in the differential virulence of different strains of C. albicans.
Clearly, an understanding of the mechanism and role of phenotypic switching in C. albicans will be important in the understanding of invasive candidiasis.
